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INTRODUCTION 
The relationships among mycorrhizal-forming fungi, other soil fungi, 
plants and soil are much more intricate than is reflected by present con­
cepts. The invasion of roots of vascular plants by mycelium of soil 
fungi is a normal phenomenon affecting an immense number of species grow­
ing in the most diverse situations and belonging to widely separate 
families. Ifhatever its physiological implications, this association of 
root tissues with fungus raycelia is remarkably constant and uniform in 
character and is unlikely to be either casual or accidental in origin 
(Rayner and Neilson-Jones, 1944). 
The role of mycorrhizae in afforestation has been intensively studied 
with special emphasis on pines and other ectotrophic associations with 
trees. From these works it has been shown that trees were incapable of 
growing in the steppes of Eurasia (Gel'ster, 1955), the United States 
prairie soil, Australia, Rhodesia, Philippines and England, unless the 
appropriate fungal associates were present (Hatch, 1936). 
Fungi, capable of forming mycorrhizal associations, are widespread. 
However, they are only one component of a complex population of micro­
organisms in the rhizosphere which must be interacting with each other 
as well as with the higher plants with which they are growing (Hacskaylo, 
1957). 
Although of great value, pure culture experiments neither portray 
the exact situations nor solve the purely practical problems connected 
with the complex mycorrhizal conditions in the forest. Under pure culture 
conditions the fungus and the plant are at the disposal of each other. In 
natural conditions one does not deal with a single fungus and a single 
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plant, but with the complex interactions of natural associations 
(Pachlewski, 1953; Zak, 1955). The fact that some forms of mycor-
rhizae possess fungus mantles that consist of two or more layers 
differing morphologically from one another, suggests that more than one 
species of fungus may be concerned with the production of mycorrhizae 
(McDougall, 1928). 
Little is known about the effects of available nutrients on the 
formation of endotrophic mycorrhizae. The physiological aspects of the 
endotrophic relationship are not well established. Hyphae invade root 
cells and grow from cell to cell. Older hyphae are digested and contents 
are probably assimilated by the host (Hacskaylo, 1957). In most endotro­
phic mycorrhizal associations, the physiological function of the exterior 
hyphae has been suggested to be comparable to root hairs. With the ex­
ception of the orchid fungi, the significance of endotrophic associations 
has been obscure. 
The purpose of this study was to determine, under greenhouse con­
ditions, whether five of the fungi originally found naturally associated 
with black walnut roots were true endotrophic mycorrhizal-formers, path­
ogens, or just harmless parasites. Because these fungi were found together 
in nature, all possible combinations of the five were tested in addition 
to testing each one singly. A further part of the test incorporated three 
levels of inorganic nutrition. The effect of treatment on seedlings was 
evaluated in terms of dry weight, nitrogen and phosphorous content, gen­
eral appearance, and root anatomy. 
LITERATURE REVIEW 
Even after considerable study by a number of investigators, uncer­
tainty still exists concerning whether the effects are beneficial or 
harmful when a plant root is invaded by a fungus or combination of fungi. 
Pfeffer (1877) suggested that probably the fungus is essentially a para­
site but is kept in check by the host plant. The higher plant and the 
fungus may be mutually parasitic, or the association may be one of true 
symbiosis. If there was some nutritional imbalance or impaired condition 
of the plant, the association could shift from symbiosis to parasitism 
(Frank, 1885). Resa (1878), Hartig (1888), and McDougall (1914) sug­
gested that the fungus exhibited a harmless parasitism. 
Whether mycorrhizal forming fungi decompose complex nitrogenous 
compounds of raw humus and soil (Frank, 1885; Melin, 1921) is still de­
batable. When a mycorrhizal association exists, there is an increase in 
the uptake of all nutrient salts. An increase in the absorbing area of 
the short infected roots has been the suggested explanation (Stahl, 1900; 
Hatch, 1936; Sen and Jenik, 1962). Shemakhanova (1962) has shown the 
effectiveness of the volume and total absorbing surface of infected roots. 
With the exceptions of growth differences and final chemical compo­
sition, no direct measurements of mineral absorption by mycorrhizal 
structures have been made. But, several methods are used to determine the 
role of the fungal symbiont; namely, comparison between infected and non-
infected plants with respect to roots, number of leaves, diamèter and 
length of roots, and dry weight (Shemakhanova, 1962). 
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Mycorrhizal development was found to be correlated with an increase 
in foliage, number of primary and secondary roots (Shemakhanova, 1962), 
number of lateral roots, and dry weight of seedlings (Mishustin, 1955). 
Routien and Dawson (1943) found that Pinus echinata Mill, with my­
corrhizal roots absorbed more calcium, magnesium, iron and potassium than 
those without, while Young (1940), McComb (1943), and McComb and Griffith 
(1946) added phosphorous to the list. These researchers contended that 
the high metabolic activity of mycorrhizal roots cause a greater intake 
of minerals. Radioautographs were used to show the accumulation of 
larger quantities of phosphorous in mycorrhizal as opposed to non-
mycorrhizal portions of pine seedlings (Kramer and Wilbur, 1949). 
The nitrogen, phosphorous, and potassium concentrations of seedling 
parts were studied by a number of investigators (Hatch, 1936; McComb, 
1943; Routien and Dawson, 1943; Shemakhanova, 1962). Higher concentra­
tions of nitrogen, phosphorous and potassium in mycorrhizal plants 
strengthen the view that these seedlings absorb more ash constituents 
(Hatch, 1936, 1937; Finn, 1942). Mycorrhizal roots also assist in making 
phosphorous, potassium and other inorganic compounds available to the 
plants (Rosendahl and Wilde, 1942; Rosendahl, 1942; Stone, 1950; Wilde, 
1954; Shemakhanova, 1962). 
An increase in ammonia, phosphorous, and potassium, and a disappear­
ance of sugar and amino acids in mycorrhizal tips, led Masui (1927) to 
conclude that mycorrhizal-forming fungi take sugar and amino acid from 
the plants and in turn supply the plants with phosphorous. These infected 
tips contained more nitrogen per unit of dry weight than non-infected ones 
(Harley, 1937). 
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Root secretions of pine, wheat, pea and tomato probably influenced 
mycorrhizal formation (Melin and Das, 1954). There were positive effects 
of mycorrhizae on growth of trees (White, 1941; Routien and Dawson, 1943; 
Rayner and Neilson-Jones, 1944; McComb and Griffith, 1946; Trubestskova, 
Mikhalevskaya and Novichkhova, 1955). However, the rate of growth of 
plants and the increase in dry weight were not markedly affected by mycor­
rhizae in the presence of adequate available nutrients (Trubestskova, 
Mikhalevskaya and Novichkhova, 1955). High levels of nitrogen and phos­
phorous reduced the abundance of mycorrhizae (Hatch, 1937; Mitchell et al., 
1937; Bjorkman, 1942, 1949; Doak, 1955; Powells and Krauss, 1959; Hacskaylo 
and Snow, 1959; Lanowska, 1962). But, mycorrhizae were always present on 
walnut and filbert roots regardless of soil type, amount of available 
phosphorous, potassium, soluble calcium, organic matter, or pH of the 
soil (Schuster, 1944). 
MacDougall and .Dufrenoy (1944) established that mycorrhizal-forming 
fungi secrete auxins. Rayner and Neilson-Jones (1944) indicated that the 
increased branching of roots was due to the growth promoting substances 
released by the fungal symbiont. But, Falck (1923) claimed that enzymes 
were secreted by the fungi to make these substances available. Fungal 
filtrates from Boletus species and Amanita rubescens produced increased 
dry weight of pine seedlings (Slankis, 1948, 1958). 
The distribution of endogenous mycorrhizae is not confined to 
herbaceous plants. The endophyte was detected in many trees and shrubs. 
Endotrophically infected roots are devoid of the external fungal sheath 
and are characterized by the colonization of the cortical parenchymal 
cells of the root. Root hairs of honey locust are colonized by an 
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endogenous fungus and so were many fruit and walnut trees (Shterenberg 
and Kostyuk, 1955). The Hartig net was reported in the endotrophic 
mycorrhizae of juniper, and spruce (Kelly, 1950), roots of vines, citrus, 
cotton and perennial grasses (Shterenberg and Kostyuk, 1955). 
Intracellular hyphae not only increased the surface area through 
which exchange of substances takes place between symbionts (Harley, 
1959; Harley and McCready, 1950), but under certain conditions might be 
digested by the cells of the cortical parenchyma, thus revealing a cer­
tain degree of heterotrophy in plants (Lobanov, 1955). Intracellular 
mycelium, arbuscles and contents of vesicles were lysed and utilized 
by the host as supplementary nutrition (Khruscheva, 1955). Garrett 
(1956) stated that this behaviour of digestion indicated an imbalance. 
In poplars, intracellular hyphae closely adhered to cellular mem­
branes and sometimes ended with spherical vesicles within the parenchyma. 
Arbuscles were formed also, while vesicles were digested. The occurrence 
of endophytes which were of the digested type did not injure the develop­
ment of seedlings and transplants as they were confined to the cortical 
parenchyma, the central cylinder being free of any damage (Dominik, 1958). 
In larch the fungal invasion was first intracellular reverting to inter­
cellular state only after the plant cells reacted by digesting the in­
truding hyphae. Rhizoctonia silvestris Melin, in pure culture was highly 
pathogenic and forms pseudo-mycorrhizae in pine seedlings, but under field 
conditions the same fungus exhibited a mutual symbiosis performing the 
role as a mycorrhizal fungus (Melin, 1925). 
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Bilai (1955) found no pathogenicity when plants were infected with 
Fusarium species, but individual species of this genus developing on 
weakened plants might prove detrimental. Pure cultures of Fusarium, 
Trichoderma, Pénicillium and Mortierella were isolated from healthy wheat 
roots (Dorokhova, 1953). Several fungi including a Rhizoctonia species, 
a Fusarium species and Cylindrocarpon radicicola Wollenweber were found 
as endophytes of black walnut (Khan, 1955). Shterenberg (1955) investi­
gated the fungal flora of field plants and concluded that the endophytic 
flora consisted mainly of two species of Endogonaceae and Fungi Imperfec— 
ti. Mycorrhiza in wheat was induced by three species of Fusarium, Phoma, 
Rhizoctonia solani Kuhn, Mucor, Mucor plus Fusarium and four unidentified 
ones. But, it must be noted that endotrophic fungal symbionts of 
Liquidambar styraciflua L. belonged to every class of fungi (Filer and 
Toole, 1966). A compact, branched, tuberculate, ectotrophic mycorrhiza 
on Douglas-fir was formed as a result of the combination of a basidio-
mycete and a phycomycete (Trappe, 1965). 
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MATERIALS AND METHODS 
Preliminary Studies 
Field observations for isolation and sectioning 
Before attempting to evaluate the presence of an individual fungus 
and combinations of fungi on walnut seedlings, more preliminary work 
similar to previous research (Khan, 1966) was conducted. Using similar 
methods, walnut roots were collected from the field, some were used for 
isolation of fungi while others were used for anatomical studies at the 
light microscope level. 
Growth chamber trials 
Another trial was completed in a growth chamber which was available 
at the time. Few-days-old walnut seedlings were inoculated with the five 
fungi, Fusarium sp., Cylindrocarpon radicicola, Rhizoctonia sp. and two 
unidentified ones. These were denoted FBI, FBII, FBIII, FBIV, and FBV, 
the last two being differentiated by colour and growth. Although the dry 
weights were recorded after 16 weeks, the main purpose was to use the 
roots for additional sectioning. 
Fungus identification 
The two unidentified fungi were grown in a liquid medium at various 
pH levels. The medium was that of RjOrkman (1960), consisting of glucose, 
10 gm; ammonium tartrate, 1 gm; KH2P0^, 0.5 gm; MgS04.7H20, 0.5 gm; Fed 
(1% solution) 10 drops and 1 litre deionized water. The levels of pH of 
4.5, 5, 5.5 and 6 were used. In each flask, which contained 25 ml of the 
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medium, was placed a small square of agar with mycelium. These were in­
cubated at 24+1° C for 1 month. Periodic checks were made to see if any 
spores were present. This was also done for the 3 known fungi in order 
to check on the ability of the medium to produce spores at different pH. 
Tests for Fungal Associates 
Collection and stratification of walnuts 
Walnuts were collected from Brookside Park in 1966. The following 
year, due to adverse weather conditions and probably other reasons, the 
same trees were unproductive. Thus, in 1967 the trees in Pammel woods 
became the main source of supply, as they fruited in abundance. Since 
the experiment required a large number of nuts, it was impossible to col­
lect all from one tree. Nuts from several trees within a confined area 
were used. 
Nuts were de-hulled by hand, washed under tap water, surface steril­
ized with 307o Chlorox^ for a few minutes, then vigorously rubbed and washed 
again. All "floaters" which were presumed to contain poor or no plants 
were discarded. The washed nuts were spread out on the counter and air 
dried. 
Quartz sand was heat sterilized in an oven set at 350° for 12 hours. 
Gallon jars with screw caps were washed with Chlorox^ and dried. Nuts 
were placed between sand layers in these jars. Lids were replaced loosely. 
The filled jars were stored for not less than 120 days in the cold room 
set at 3° C. Apparently, a shorter period could have broken dormancy 
(Chase, 1947). Even shorter periods are possible when the hard shell is 
broken at the radicle end by mechanical means (Kaylor and Randall, 1931). 
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Since greenhouse space was unavailable at the time, the nuts were left 
in the cold room. 
Before germinating the nuts, they were again washed as before and 
selected to obtain uniformity. Nut weight was used because previous 
experiments (Khan, 1956) showed that reserve nutrients were not propor­
tional to size of nut. The approximate weight of nuts ranged from 14 to 
17 grams. 
The nuts selected were placed in flats and buried 1 to 2 inches in 
an autoclaved sand-soil-peat mixture in the ratio of 1:2:1 respectively. 
The autoclaving was done for several hours in order to reduce to a mini­
mum any soil micro-organisms which might have been present. There are 
arguments for and against using soil which has been autoclaved for a long 
period. For the purposes of this study, it was necessary to reduce con­
taminants to the lowest level possible. 
Preparation of inocula and inoculation 
Potato dextrose agar with some yeast extract was found to be a good 
medium for the fungi. Three-mm square pieces of the Rhizoctonia sp., 
the Fusarium sp., Cylindrocarpon radicicola and the two unidentified 
fungi were cultured on the medium in petri plates, one type per plate. 
These were labelled and incubated at 23+1° C. 
Into 6-inch clay pots which were washed and sterilized in an auto­
clave for 3-4 hours, autoclaved sand-soil-peat mixture was placed. Good 
seedlings a few days old were selected at random, the roots carefully 
washed and one plant placed in each of the pots. Individual cultures 
and combinations of cultures, cut into little squares, were placed on 
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the roots and in the rhizosphere. The pots were filled and labelled 
accordingly. 
Experimental design 
When the five fungi were used individually and in combinations, a 
total of 32 treatments including a control, were obtained. For example: 
I, II, III, IV, V, I-II, I-III, etc. to a combination of all, I-II-III-
IV-V illustrate such treatments. Every set of 32 received a different 
watering. A full concentration of Hoagland's solution was designated A; 
half concentration, B; and zero concentration, C. The two benches placed 
North to South on the East and West side accommodated 2 sets of A, B, and 
C, that is, 96 on each bench making a total of 192. This was repeated 3 
times. A split, Latin square design was planned and pots were randomized 
within each set of A, B and C (Figure 1). 
East 
Cl Al Bl 
^2 B2 C2 
B3 C3 A3 
Passage Way 
Cl Al Bl 
*2 B2 C2 
B3 C3 A3 
West 
North South 
Figure 1. The split, Latin square design used in the greenhouse tests 
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Lighting was natural and by means of 300 watt bulbs placed 3 feet above 
the pots. The temperature was thermostatically controlled but was rather 
variable on dry, hot and humid days. 
Plants labelled A and B were watered with full and half concentra­
tions respectively of Hoagland's solution (Table 1) at the rate of 100 ml 
on alternate days for 16 weeks. Those labelled C received water at the 
same time. 
Table 1. Composition of Hoagland's solution 
MgS04.7H20 (49 gm/1) 10 ml 
NH4H2PO4 (12 gm/1) 10 ml 
KNO3 (6 gm/1) 10 ml 
Ca(N03)2*4H20 (45 gm/1) 10 ml 
Micro elements* 1 ml 
Chelated iron solution 1 ml 
Distilled water to make 1 litre 
*0.6 gm H3BO3; 0.4 gm MnCl2'4H20; 0.05 gm ZnSO^; 0.05 gm CuSO^'SH^O; 
0.02 gm H2MoO^*4H20 in 1 litre distilled water 
During the 16-week growth period, the greenhouse was fumigated 
against possible insects. This was imperative since it was a cooperative 
effort and involved the whole research staff. Petri plates with similar 
medium used for cultures were left uncovered and covered at different 
points and periods in the greenhouse, in order to find out if aerial 
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contamination was to be an impediment to the experiment. Observations on 
the general condition of the plants were made. During this time any 
fallen or abscissed leaves were collected and stored in their respective 
labelled sacks. The sacks had been previously weighed. Sample photographs 
were taken from the different sets and treatments. 
Harvesting plants 
The leaves of each plant were carefully severed, the plant placed 
on a pan, the greater portion of the roots attached to the stem taken out 
and placed in a crisper with water. The rest of the soil was carefully 
sieved through a fine screen mesh and all roots and rootlets picked off 
by hand and a tweezer and placed in the water. After all roots were col­
lected and cleaned of debris, the lengths of the stem and main root or 
roots were recorded. The whole plant, that is, leaves, stem and roots, 
was placed in the previously labelled and weighed sack for air drying. 
This tedious process was done for each plant within each treatment and 
each watering. 
Other plants with similar treatments were grown for root sampling. 
Sections of rootlets which appeared to be infected were fixed in Graf III 
(Sass, 1958) for further anatomical work. Roots were wrapped in moist 
paper towelling and brought to the laboratory for culturing and isolation 
of fungi. 
After air drying, the plants were oven dried at 65° C for 24 hours, 
removed and placed in desiccators. The contents and sacks were weighed 
on a Mettler Analytical balance and recorded. Using a Wiley mill of 1 mm 
screen mesh, whole plant samples were ground finely and placed in labelled 
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bottles. After grinding each sample, care was taken to clean the grinder 
with the aid of a vacuum. The sacks were cleaned, dried again in the 
oven for some time, to rid them of any moisture, placed in desiccators 
and reweighed. The dry weights of plants were computed. 
Procedure for analyses of total nitrogen and phosphorous 
Ashing The method used for nitrogen determination was that of 
Fischer (1961) and Bremner and Keeney (1965). All glassware used for 
quantitative analyses was dipped in a dichromate-sulfuric acid solution, 
rinsed with tap water, washed in soap and Chlorox®solution, rinsed 
thoroughly with tap, distilled and deionized water, and dried. 
The bottles containing ground plant material were uncapped and 
placed to dry in the oven at 65° C for at least 12 hours after which 
they were placed in desiccators to stabilize at room temperature. Each 
sample was mixed thoroughly with a clean spatula and 0.5 gram obtained. 
This sample was placed, with the aid of a funnel, into a 100 ml Kjeldahl 
flask. To this was added 10 ml concentrated H2SO4 taking care to wash 
down any plant material adhering to the neck of the flask. The acid 
and plant material were mixed by swirling. In each flask a glass bead 
and approximately 3 cm copper wire, as catalyst, were added. Flasks 
were left overnight before heat was applied. 
Two "Aminco" equipment pieces with different gradations of heat in­
tensity and a turn of 320° were used for digesting the samples. These 
were placed under a hood although this was not necessary since the equip­
ment themselves have hoods and syphons leading to an aspirator for ridding 
of any unwanted gases. 
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The heat was adjusted at low and continued slowly upward with the 
lapse of time, to prevent over frothing of the plant-acid mixture. 
When frothing ceased the heat was turned on at high until the liquid be­
came clear or light green in colour when hot. Any undigested material 
that had spattered on the neck of the flasks was washed down with a small 
amount of acid then allowed to digest completely. The heat was then 
turned off and contents left to cool, after which 100 ml volumetric 
flasks, already cleaned, were used to dilute each to approximately 90 ml 
with ammonia-free water. The addition of water made a warm solution, 
necessitating cooling to room temperature before adjusting to the 100 ml 
mark. The solution was poured into clean bottles, which were marked 
appropriately, and tightly capped. 
Nitrogen determination The N-stock solution was prepared by dry­
ing (NH^^gSO^ in an oven at 110° C for 12 hours or more and cooled in a 
desiccator after which 4.7140 gm was dissolved in 1 litre ammonia-free 
water. Each ml contained 1.0 mg N. 
Standard solutions were made by adding amounts (Table 2) of N-stock 
solution to blanks of 8 ml H2SO4 and copper wire and heated until all 
water had evaporated. 
Each standard was diluted with 83 ml of deionized water and mixed 
thoroughly. 
Boric acid indicator was made by first dissolving 20 gm boric acid 
in 700 ml hot, deionized water. The solution was cooled after which 
200 ml of 95% ethanol and 20 ml mixed indicator containing 0.66 gm brom 
cresol green and 0.33 gm methyl red per litre of 95% ethanol were added. 
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Table 2. Standard solutions for percentage N analysis 
Standard No. ml of Stock Solution Eq. 7o N in plant sample 
0 0 0 
1 5 1.0 
2 10 2.0 
3 15 3.0 
4 20 4.0 
5 25 5.0 
6 30 6.0 
After mixing, 0.05N sodium hydroxide was added cautiously until a colour 
change from pink to pale green was detectable when 1 ml of the solution 
was treated with an equal amount of deionized water. The entire solution 
was diluted to volume with more water. 
The "Aminco" distillation apparatus was used for nitrogen determin­
ation (Figure 2). Using very clean glassware, 5 ml aliquot of boric acid 
indicator solution was pipetted into a 50 ml erlenmeyer flask. A 5 ml 
aliquot of digest was pipetted into a micro-Kjeldahl flask, placed on 
the "still" and to this were added 5 ml of a 5N NaOH and approximately 
5 ml NHg-free water. The erlenmeyer flask with the indicator solution 
was placed under the condenser to collect approximately 30 ml distillate. 
The erlenmeyer flask with the distillate was removed before the micro-
Kjeldahl flask after which the arm of the apparatus was rinsed before 
starting another sample. While the second was distilling, the first 
Figure 2. The "Aminco" distillation apparatus used in nitrogen 
determination 
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MICRO-KJELDAHL 
FLASK 
ÉRLENMEYER FLASK 
STEAM GENERATOR 
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distillate was titrated with approximately 0.01084N sulfuric acid to 
phenolphthalein end point. The amount of acid was recorded arid after 
subtracting a blank without any digest, the remainder was used to cal­
culate the percentage nitrogen in the sample. The formula used was 
the following: percentage N = ml of acid times Normality of acid times 
^  Wmgof  samp l e  f  f  
by taking a 5 ml aliquot from a 100 ml dilution. 
Phosphorous determination The method for phosphorous determina­
tion by Kolthoff and Sandell (1947), Diehl, Harvey and Smith (1952), and 
Fischer (1961) was followed. P-stock solution was made by mixing 0.5488 
gm of pure oven-dried KH2P0^ in water and diluting to make 1 litre. Each 
ml of this solution contained 125 micrograms of phosphorous. 
In order to have P standard solutions a process similar to that used 
for N was developed with the exception that the equivalents differed 
(Table 3). Each standard was diluted with deionized water to 100 ml. 
Table 3. Standard solutions for percentage P analysis 
Standard No. ml of stock solution Eq. % P in plant sample 
0 0 0 
1 5 0.125 
2 10 0.250 
3 15 0.375 
4 20 0.500 
5 25 0.625 
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The indicator used was vanado-molybdate mixture. This was made 
by dissolving 195 gm ammonium molybdate in 1 litre water and 5.05 gm 
ammonium meta-vanadate in 1 litre boiling water. When the latter 
solution cooled, both were transferred to a clean glass jar (carboy) 
and made to 18 litres with more deionized water. 
Standard solutions of 5 ml portions were added to 25 ml of the 
vanado-molybdate indicator and after 30 minutes, poured into test tubes 
for colorimeter reading. A Bausch and Lomb "Spectronic 20" colorimeter 
was used. The reading had to be done at a specific wavelength so that 
when transmittance was plotted against absorbance, the "Lambert-Beer's 
Law" (Beer's Law) was obeyed. 
When monochromatic light passes through a coloured solute in solu­
tion, it is partially transmitted and absorbed. The wavelength at which 
the maximum amount of light is absorbed is the complementary colour of 
the solute. The absorbance is exponentially related to the intensity of 
the incident and transmitted light, and linearly related to the concen­
tration of the solute in solution (Beer's Law). Mathematically, 
log I = A = abc 
lo 
where IQ = intensity of the incident light 
I = intensity of the transmitted light 
I. = transmittance 
lo 
A = absorbance 
a = absorptivity (constant) 
b = cell length 
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c = concentration of the solute in solution 
When the correct wavelength was known, in this case 395 mu, 5 ml 
portions of the digest were pipetted into clean 50 ml erlenmeyer flasks 
to which was added 25 ml of the vanado-molybdate indicator. This com­
bination was mixed thoroughly and left standing for 30 minutes before 
pouring into test tubes and reading on the "Spectronic 20". Readings 
of transmittance and absorbance of each sample were recorded and per­
centage phosphorous calculated. 
Analysis of data 
After all the dry weights, percentages of nitrogen and phosphorous 
were recorded, statistical models were developed and analyses of variance 
tables computed. Tests for the significance of any individual treatment 
(fungus) or interactions of these were done. This was also done graphi­
cally and in tabular form (Snedecor, 1956; Cochran and Cox, 1957; Steel 
and Torrie, 1960). 
Isolation from roots 
Inoculated roots 16 weeks old collected in wet paper towelling were 
surface sterilized in concentrated Chloroj^for one minute, then washed 
several times with tap, distilled, and deionir-.ed water. Roots were im­
mersed in 57o chloramine-T (Khan, 1966) and washed again. These were 
sectioned into small pieces, dipped in 200 ppm streptomycin sulphate and 
plated at 3 points on potato-dextrose-yeast-extract agar. Five plates 
for each treatment combination and watering were done, labelled and incu­
bated at 23'i'l° C. After 7-12 days readings were taken and tabulated for 
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the presence or absence of the original fungus or fungi inoculated, 
contamination or no growth. Photographs were taken of different plates 
at random. 
Sectioning of roots 
Other roots collected were washed and sections fixed in Graf III. 
Dehydration and imbedding were done according to Sass (1958) except that 
"tissue mat" was used for both preliminary and final imbedding. Dif­
ferent staining techniques were tried (Sass, 1958), but safranin and 
cotton blue differentiating in methyl salicylate sufficed (Johansen, 
1940). Photomicrographs were taken from various sections and from repre 
sentative treatments. 
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RESULTS 
Preliminary Studies 
Field observations for isolation and sectioning 
Roots that were collected and examined microscopically revealed 
similar findings as those in the previous study (Khan, 1966), Isolations 
were identical to those previously obtained. 
Growth chamber trials 
Roots that were sectioned from plants grown in the growth chamber 
and inoculated with each fungus individually showed penetration of hyphae 
in the cortical region. This was true for FBI, II, and III but not too 
defined for FBIV and V. The last two were seen as the digested or ar-
buscular form. 
Fungus identification 
The liquid culture method adopted for the growing of the fungi for 
identification was successful for the three known fungi but proved to be 
unsuitable for the two unknowns. 
Tests for Fungal Associates 
Preparation of walnuts 
The surface sterilization with Chloroj^before and after stratifi­
cation sufficed to eliminate possible contaminants. Storing in dry 
sterilized quartz sand was better than the wet sand used previously. These 
modifications were not detrimental to germination. 
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Gross observations during tests 
Fungus growth was not found on the media in the opened petri plates 
placed on the greenhouse benches. The media dried after the plates were 
opened for five days. 
The visual observations made show that plants without fungi.and 
watered with nutrients were smaller than those with fungi under the 
same treatment. Plants that were given added nutrients were larger in 
size but the leaves of the inoculated plants without nutrients were a 
darker green. However, this can only be taken as a general observation 
(Figures 3, 4, 5, 6, 7, 8). 
Figure 3. Check plants; left to right: full, half and no Hoagland's 
solution (These plants had an early leaf drop and poor 
root system) 
Figure 4. Rhizosphere infested with FB I; left to right; with 
half (B), full (A) and no (C) Hoagland's solution 
(Less nutrients produced good root system and sturdy 
plants; all plants had a high P content) 
Figure 5. Rhizosphere infested with FB I-II-III-IV-V; left to 
right; full (A), half (B) and no (C) Hoagland's solu­
tion (Leaf size large and greater number of leaves 
as nutrients increased but C appeared with greener 
leaves; high dry weight in all plants, but C alone 
had high N content) 
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Figure 6. Rhizosphere infested with FB III; left to right: with full 
(A), half (B) and no (C) Hoagland's solution (FB III like 
FB I favoured half Hoagland's and C had darker green 
leaves; all did well in the presence of this fungus at all 
nutrient levels with leaves remaining longer and greener 
than other treatments) 
Figure 7. Rhizosphere infested with FB I-III-IV; left to right: full 
(A), half (B) and no (C) Hoagland's solution (Plants with 
added nutrients (A, B) dropped their leaves earlier than C, 
which retained its dark green appearance longer; all plants, 
however, had high N content) 
Figure 8. Rhizosphere infested with FB I-II-III-IV; left to right; 
full (A), half (B) and no (C) Hoagland's solution (Although 
plants A and B looked larger, their dry weights were not 
significantly higher; N content was high in all plants, 
while P content was highest in C) 
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Analysis of data 
All quantitative data (dry weight, percentage nitrogen and phos­
phorous, and milligrams nitrogen and phosphorous) were treated statis­
tically. Statistical significance at the 1% level or less was arbi­
trarily used to determine biological significance. 
The main effects of benches, rows and columns exhibited no biological 
significance (Tables 4, 5, 6, 7, 8). Solutions were highly significant 
except for percentage nitrogen (Tables 4, 5, 6, 7, 8). 
Table 4. Analysis of variance for dry weight 
Due to DP Sum of squares Mean square F 
A (Benches) 1 14. 52 14. 52 2, .33 
B (Rows) 2 27. 41 13.71 2, .19 
B^  (Columns) 2 1. 54 0.77 0, .12 
C (Solutions) 2 3631. 35 1815,68 290, 51** 
Error (a) 10 62. 46 6.246 - -
AB 2 11. 74 5.87 0. ,40 
AC 2 20. 62 10.31 0. 71 
BC 4 9. 37 2.34 0. 16 
ABC 4 22. 27 5.57 0. 38 
Error (b) 546 7957. 10 14.573 - -
Total 575 11758. 38 
**Significant at the 1% level 
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Table 5. Analysis of variance for percentage nitrogen 
Due to DP Sum of squares Mean square F 
A (Benches) 1 0.12 0.06 0.31 
B (Rows) 2 2.45 1.23 3,22 
(Columns) 2 1.11 0.56 1.46 
C (Solutions) 2 1.25 0.63 1,64 
Error (a) 10 3.81 0.381 
AB 2 1.05 0.53 2.88 
AC 2 1.80 0.90 4.93 
BC 4 1.18 0.29 1.61 
ABC 4 0.90 0.23 1.23 
Error (b) 546 99.564 0,182 ----
Total 575 113.234 
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Table 6. Analysis of variance for percentage phosphorous 
Due to DP Sura of squares Mean square F 
A (Benches) 1 0.0001 0.0001 0.14 
B (Rows) 2 0.0065 0.0033 4.71 
B^  (Columns) 2 0.0032 0.0016 2.29 
C (Solutions) 2 0.9979 0.4990 712.86** 
Error (a) 10 0.0073 0.0007 
AB 2 0.0027 0.0014 0.88 
AC 2 0.0009 0.0005 0.31 
BC 4 0.0040 0.0010 0.63 
ABC 4 0.0029 0.0007 0.44 
Error (b) 546 0.8878 0.0016 ----
Total 575 1.9133 
^Significant at the 1% level 
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Table 7. Analysis of variance for milligrams nitrogen 
Due to DF Sum of squares Mean square F 
A (Benches) 1 51, .87 51, .87 0.75 
B (Rows) 2 58. 01 29. 01 0.42 
B^  (Columns) 2 261. ,29 130. 65 1.90 
C (Solutions) 2 15838. ,75 7919. 38 114.97** 
Error (a) 10 689. ,03 68. ,90 - - - -
AB 2 58. ,50 29. ,25 0.35 
AC 2 492. ,11 246. ,06 2.95 
BC 4 359. ,95 89. ,99 1.08 
ABC 4 39. 76 9. ,94 0.14 
Error (b) 546 45516. 53 83. 36 - - — -
Total 575 63365. 80 
^^Significant at the 1% level 
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Table 8. Analysis of variance for milligrams phosphorous 
Due to DF Sum of squares Mean square F 
A (Benches) 1 0.085 0.085 0.62 
B (Rows) 2 1.51 0.75 5.50 
Bi (Columns) 2 0.23 0.12 0.85 
C (Solutions) 2 50.35 25.18 183.77** 
Error (a) 10 1.37 0.14 
AB 2 0.11 0.05 0.37 
AC 2 0.56 0.28 1.94 
BC 4 0.39 0.10 0.68 
ABC 4 0.55 0.14 0.96 
Error (b) 546 78.32 0.14 - - - -
Total 575 133.475 
**Significant at the 1% level 
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The results show that fungi and combinations of fungi vary in their 
effects upon the plants with regards to dry weight, percentage and milli­
gram nitrogen and phosphorous (Figures 9, 10, 11; Tables 9-23), Some of 
these have positive effects regardless of nutrition of the soil, some 
have negative or reducing effects, while still others are variable re­
quiring full, half or no Hoagland's solution to be beneficial to the 
plant. 
The graphs of actual means of each treatment at the three nutrient 
levels offered a clearer view of the results obtained for dry weight, 
percentage nitrogen and percentage phosphorous. No statistical manipu­
lations were involved as each column represented an average over six 
plants. Thus, in general, as the nutrients increased so did the dry 
weights but the reverse was true for percentage phosphorous. There was 
some inconsistency as far as percentage nitrogen was concerned. 
Figure 9. Raw means of dry weight in grams at the three levels of nutrients and at the different 
combinations of fungi; left to right: Check, FB I Fusarium sp., FB II Cylindrocarpon 
radicicola, FB III Rhizoctonia sp., FB IV orange unknown, FB V brown unknown, I-II, 
I-III, I-IV, I-V, II-III, II-IV, II-V, III-IV, III-V, IV-V, I-II-III, I-II-IV, I-II-V, 
I-III-IV, I-III-V, I-IV-V, II-III-IV, II-III-V, II-IV-V, III-IV-V, I-II-III-IV, 
I-II-III-V, I-II-IV-V, I-III-IV-V, II-III-IV-V, I-II-III-IV-V 
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Figure 10. Raw means of percentage nitrogen at the three levels of nutrients and at the 
different combinations of fungi; left to right: Check, FB I Fusarium sp., FB II 
Cylindrocarpon radicicola, FB III Rhizoctonia sp., FB IV orange unknown, FB V 
brown unknown, I-II, I-III, I-IV, I-V, II-III, II-IV, II-V, III-IV, III-V, 
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Figure 11. Raw means of percentage phosphorous at the three levels of nutrients and at the 
different combinations of fungi; left to right; Check, FB I Fusarium sp., FB II 
Cylindrocarpon radicicola. FB III Rhizoctonia sp., FB IV orange unknown, FB V 
brown unknown, I-II, I-III, I-IV, I-V, II-III, II-IV, II-V, III-IV, III-V, IV-V, 
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Table 9. Analysis of variance for dry weight at full Hoagland's solution 
Due to DF Sum of squares Mean square F 
I 1 16.17 16.17 5.19 
II 1 24.01 24.01 7.71** 
III 1 71.44 71.44 12.93** 
IV 1 0.58 0.58 0.19 
V 1 54.38 54. 38 17.45** 
I-II 1 4.79 4.79 1.54 
I-III 1 0.65 0.65 0.21 
I-IV 1 9.10 9.10 3.11 
I-V 1 220.51 220.51 70.76** 
II-III 1 19.51 19.51 6,26 
II-IV 1 17.90 17.90 5.74 
II-V 1 5.80 5.80 1.86 
III-IV 1 80.76 80.76 25.92** 
III-V 1 4.34 4.34 1.39 
IV-V 1 359.11 359.11 115.24*)t 
I-II-III 1 17.34 17.34 5.57 
I-II-IV 1 8.70 8.70 2.79 
I-II-V 1 10.93 10.93 3.51 
I-III-IV 1 49.92 49.92 16.02** 
I-III-V 1 444.63 444.63 142.68** 
I-IV-V 1 687.20 687.20 220.53** 
II-III-IV 1 208.25 208.25 66.83** 
II-III-V 1 38.95 38.95 12.50** 
II-IV-V 1 3.10 3.10 0,99 
III-IV-V 1 8.33 8.33 2.67 
I-II-III-IV 1 40.35 40.35 12.95** 
I-II-III-V 1 123.68 123.68 39.69** 
I-II-IV-V 1 604.92 604.92 194.12** 
I-III-IV-V 1 89.95 89.95 28.87** 
II-III-IV-V 1 77.32 77.32 24.81** 
I-II-III-IV-V 1 24.47 24.47 7.85** 
Error 155 483.01 3.12 — — — — 
Total 186 3810.69 
S.E.=1.25 
^^Significant at the 1% level 
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Table 10. Analysis of variance for dry weight at half Hoagland's solution 
Due to DF Sum of squares Mean square F 
I 1 0.59 0.59 0.29 
II 1 3.14 3.14 1.53 
III 1 12.70 12.70 6.19 
IV 1 1.91 1.91 0.93 
V 1 92.77 92.77 45.19** 
I-II 1 103.90 103.90 50.61** 
I-III 1 108.81 108.81 53.00** 
I-IV 1 2.88 2.88 1.40 
I-V 1 30.00 30.00 14.62** 
II-III 1 151.80 151.80 73.94** 
II-IV 1 0.24 0.24 0.11 
II-V 1 53.64 53.64 26.13** 
III-IV 1 134.30 134.30 65.42** 
III-V 1 8.54 8.54 4.16 
IV-V 1 25.27 25.27 12.31** 
I-II-III 1 46.45 46.45 22.63** 
I-II-IV 1 88.18 88.18 42.96** 
I-II-V 1 0.06 0.06 0.03 
I-III-IV 1 2.72 2.72 1.33 
I-III-V 1 0.16 0.16 0.08 
I-IV-V 1 563.68 563.68 274.58** 
II-III-IV 1 109.57 109.57 53.39** 
II-III-V 1 3.22 3.22 1.57 
II-IV-V 1 44.31 44.31 21.59** 
III-IV-V 1 8.09 8.09 3.94 
I-II-III-IV 1 77.93 77.93 37.96** 
I-II-III-V 1 1.92 1.92 0.94 
I-II-IV-V 1 389.08 389.08 189.53** 
I-III-IV-V 1 3.42 3.42 1.67 
II-III-IV-V 1 134.13 134.13 65.34** 
I-II-III-IV-V 1 195.45 195.45 95.12** 
Error 155 318.20 2.05 — 
Total 186 2717.11 
S.E.=0.83 
**Significant at the 1% level 
43 
Table 11. Analysis of variance for dry weight at no Hoagland's solution 
Due to DF Sum of Squares Mean Square F 
I 1 1.81 1.81 1.43 
II 1 33.48 33.48 26.44** 
III 1 9.28 9.28 7.33** 
IV 1 32.44 32.44 25.62** 
V 1 11.70 11.70 9.24** 
I-II 1 9.74 9.74 7.69** 
I-III 1 58.10 58,10 45.89** 
I-IV 1 60.19 60.19 47.53** 
I-V 1 30.64 30.64 24.20** 
II-III 1 139.71 139.71 110.33** 
II-IV 1 3.09 3.09 2.44 
II-V 1 14.44 14.44 11.41** 
III-IV 1 73.01 73.01 57.66** 
III-V 1 30.50 30.50 24.08** 
IV-V 1 4.42 4.42 3.49 
I-II-III 1 16.08 16.08 12.70** 
I-II-IV 1 84.38 84.38 66.63** 
I-II-V 1 45.40 45.40 35.85** 
I-III-IV 1 29.85 29.85 23.57** 
I-III-V 1 53.95 53.95 42.61** 
I-IV-V 1 62.04 62.04 48.99** 
II-III-IV 1 1.24 1.24 0.98 
II-III-V 1 34.90 34.90 27.56** 
II-IV-V 1 14.40 14.40 11.37** 
III-IV-V 1 94.02 94.02 74.25** 
I-II-III-IV 1 271.79 271.79 214.64** 
I-II-III-V 1 12.77 12.77 10.09** 
I-II-IV-V 1 0.37 0.37 0:29 
I-III-IV-V 1 26.18 26.18 20.68** 
II-III-IV-V 1 20.53 20.53 16.21** 
I-II-III-IV-V 1 17.26 17.26 13.63** 
Error 155 196.27 1.27 - - - -
Total 186 
S.E.=0.65 
^^Significant at the 1% level 
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Table 12. Analysis of variance for percentage nitrogen at full Hoagland's 
solution 
Due to DF Sum of squares Mean square F 
I 1 0.006 0.006 0.43 
II 1 0.54 0.54 38.76** 
III 1 _ 0.03 0.03 2.46 
IV 1 1.13 1.13 81.95** 
V 1 0.02 0.02 1.38 
I-II 1 0.07 0.07 5.37 
I-III 1 0.74 0.74 53.58** 
I-IV 1 0.61 0.61 44.14** 
I-V 1 0.99 0.99 71.82** 
II-III 1 1.11 1.11 80.40** 
II-IV 1 6.45 6.45 467.71** 
II-V 1 0.14 0.14 10.41** 
III-IV 1 2.57 2.57 185.98** 
III-V 1 2.08 2.08 150.63** 
IV-V 1 0.09 0.09 6.38** 
I-II-III 1 0.50 0.50 35.91** 
I-II-IV 1 6.30 6.30 456.62** 
I-II-V 1 0.22 0.22 16.11** 
I-III-IV 1 0.29 0.29 21.08** 
I-III-V 1 0.50 0.50 36.05** 
I-IV-V 1 1.08 1.08 78.43** 
II-III-IV 1 1.17 1.17 84.64** 
II-III-V 1 0.59 0.59 42.52** 
II-IV-V 1 0.92 0.92 66.71** 
III-IV-V 1 0.21 0.21 15.52** 
I-II-III-IV 1 4.58 4.58 332.04** 
I-II-III-V 1 0.41 0.41 29.45** 
I-II-IV-V 1 1.11 1.11 80.18** 
I-III-IV-V 1 0.82 • 0.82 59.11** 
II-III-IV-V 1 1.87 1.87 135.92** 
I-II-III-IV-V 1 4.68 4.68 339.70** 
Error 155 2.14 0.014 — — — 
Total 186 43.97 
S.E.=0.068 
**significant at the 1% level 
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Table 13. Analysis of variance for percentage nitrogen at half Hoagland's 
solution 
Due to DF Sum of squares Mean square F 
I 1 1,63 1.63 163.00** 
II 1 0.51 0.51 51.50** 
III 1 1.55 1.55 155.00** 
IV 1 0.14 0.14 14.00** 
V 1 0.18 0.18 18.00** 
I-II 1 6.07 6.07 607.00** 
I-III 1 2.06 2.06 206.00** 
I-IV 1 1.23 1.23 123.00** 
I-V 1 0.59 0.59 59.00** 
II-III 1 0.77 0.77 77.00** 
II-IV 1 0.03 0.03 3.00 
II-V 1 0.11 0.11 11.00** 
III-IV 1 1.34 1.34 134.00** 
III-V 1 1.20 1.20 120.00** 
IV-V 1 0.04 0.04 4.00** 
I-II-III 1 0.15 0.15 15.00** 
I-II-IV 1 0.51 0.51 51.00** 
I-II-V 1 0.02 0.02 2.00 
I-III-IV 1 0.01 0.01 1.00 
I-III-V 1 0.56 0.56 56.00** 
I-IV-V 1 0.07 0.07 7.00** 
II-III-IV 1 1.79 1.79 179.00** 
II-III-V 1 0.16 0.16 16.00** 
II-IV-V 1 1.65 1.65 165.00** 
III-IV-V 1 2.03 2.03 203.00** 
I-II-III-IV 1 0.01 0.01 1.00 
I-II-III-V 1 0.33 0.33 33.00** 
I-II-IV-V 1 2.40 2.40 240.00** 
I-III-IV-V 1 0.01 0.01 1.00 
II-III-IV-V 1 0.04 0.04 4.00 
I-II-III-IV-V 1 4.94 4.94 494.00** 
Error 155 1.53 0.01 — — — — 
Total 186 33.66 
S.E.=0.06 
**Significant at the 1% level 
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Table 14. Analysis of variance for percentage nitrogen at no Hoagland*s 
solution 
Due to DF Sum of squares Mean square F 
I 1 0.04 0.04 13.33** 
II 1 1.80 1.80 600.00** 
III 1 0.024 0,024 8.00** 
IV 1 0.62 0.62 206,66** 
V 1 0.77 0.77 256.67** 
I-II 1 0.45 0.45 150.00** 
I-III 1 0.002 0.002 0.66 
I-IV 1 0.90 0.90 300,00** 
I-V 1 0.11 0.11 36.67** 
II-III 1 0.63 0.63 210,00** 
II-IV 1 1.90 1.90 633,33** 
II-V 1 0.001 0.001 0,33 
III-IV 1 0.04 0.04 13,33** 
III-V 1 1.47 1.47 490,00** 
IV" V 1 3.07 3.07 1023,33** 
I-II-III 1 0.52 0.52 170.33** 
I-II-IV 1 0.85 0.85 283,33** 
I-II-V 1 0.52 0.52 173,33** 
I-III-IV 1 1.70 1.70 566.67** 
I-III-V 1 0.11 0.11 36.67** 
I-IV-V 1 0.30 0.30 100.00** 
II-III-IV 1 0.003 0.003 1.00 
II-III-V 1 0.82 0.82 273.33** 
II-IV-V 1 0.63 0.63 210.00** 
III-IV-V 1 2.77 2.77 923.33** 
I-II-III-IV 1 0.03 0.03 10.00** 
I-II-III-V 1 2.65 2.65 883.33** 
I II-IV-V 1 0.06 0.06 20.00** 
I-III-IV-V 1 0.001 0.001 0,33 
II-III-IV-V 1 0.71 0.71 236,67** 
I-II-III-IV-V 1 2.92 2.92 973,33** 
Error 155 0.49 0.003 — — - — 
Total 186 26.911 
S.E.=0.03 
**Significant at the 1% level 
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Table 15. Analysis of variance for percentage phosphorous at full 
Hoagland's solution 
Due to DF Sum of squares Mean square F 
I 1 0.00003 0.00003 0,60 
II 1 0.00090 0.00090 18,00** 
III 1 0.0070 0.00700 140.00** 
IV 1 0.0034 0.00340 68.00** 
V 1 0.001 0.00100 20,00** 
I-II 1 0.0002 0.00020 4.00 
I-III 1 0,0001 0.00010 2.00 
I-IV 1 0.0023 0.00230 46.00** 
I-V 1 0.002 0.00200 40.00** 
II-III 1 0.001 0.00100 20.00** 
II-IV 1 0.0002 0.00020 4.00 
II-V 1 0.00003 0.00003 0.60 
III-IV 1 0.003 0.00300 60.00** 
III-V 1 0.00001 0.00001 0.20 
IV-V 1 0.006 0.00600 120.00** 
I-II-III 1 0.0001 0.00010 2.00 
I-II-IV 1 0.001 0,00100 20.00** 
I-II-V 1 0.0008 0.00080 16.00** 
i-m-iv 1 0.001 0,00100 20.00** 
I-III-V 1 0.020 0.02000 400.00** 
I-IV-V 1 0.030 0.03000 600.00** 
II-III-IV 1 0.008 0.00800 160.00** 
II-III-V 1 0.004 0,00400 80.00** 
II-IV-V 1 0.003 0.00300 60.00** 
III-IV-V 1 0.002 0.00200 40.00** 
I-II-III-IV 1 0.008 0.00800 160.00** 
I-II-III-V 1 0.004 0,00400 80.00** 
I-II-IV-V 1 0.02 0.02000 400.00** 
I III-IV-V 1 0.002 0.00200 20.00** 
II-III-IV-V 1 0.004 0.00400 80.00** 
I-II-III-IV-V 1 0.001 0.00100 20.00** 
Error 155 0.007 0.00005 — — ^ 
Total 186 0.14307 
S.E.=0.004 
^^Significant at the 1% level 
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Table 16. Analysis of variance for percentage phosphorous at half 
Hoagland's solution 
Due to DF Sum of squares Mean square F 
I 1 0.0005 0.0005 3.96 
II 1 0.003 0.003 20.79** 
III 1 0.000001 0.000001 0.04 
IV 1 0.0001 0.0001 0.33 
V 1 0.005 0.005 42.07** 
I-II 1 0.015 0.015 115.01** 
I-III 1 0.013 0.013 99.08** 
I-IV 1 0.006 0.006 4.49 
I-V 1 0.0004 0.0004 3.47 
II-III 1 0.008 0.008 62.39** 
II-IV 1 0.001 0.001 7.70** 
II-V 1 0.001 0.001 7.70** 
III-IV 1 0.011 0.011 84.61** 
III-V 1 0.001 0.001 7.70** 
IV-V 1 0.002 0.002 11.58** 
I-II-III 1 0.005 0.005 42.07** 
I-II-IV 1 0.002 0.002 11.58** 
I-II-V 1 0.0003 0.0003 2.18 
I-III-IV 1 0.00001 0.00001 0.04 
I-III-V 1 0.0001 0.0001 0.93 
I-IV-V 1 0.038 0.038 298.41** 
II-III-IV 1 0.007 0.007 53.85** 
II-III-V 1 0.001 0.001 7.70** 
II-IV-V 1 0.007 0.007 53.85** 
III-IV-V 1 0.006 0.006 47.22** 
I-II-III-IV 1 0.003 0.003 27.06** 
I-II-III-V 1 0.002 0.002 11.58** 
I-II-IV-V 1 0.019 0.019 147.31** 
I-III-IV-V 1 0.003 0.003 16.37** 
II-III-IV-V 1 0.011 0.011 84.61** 
I-II-III-IV-V 1 0.008 0.008 61.54** 
Error 155 0.020 0.00013 — — — — 
Total 186 0.2034 
S.E.=0.007 
^^Significant at the 1% level 
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Table 17. Analysis of variance for percentage phosphorous at no 
Hoagland's solution 
Due to DF Sum of squares Mean square F 
I 1 0.0014 0.0014 14.00** 
II 1 0.00001 0.00001 0.10 
III 1 0.023 0.023 230.00** 
IV 1 0.008 0.008 80.00** 
V 1 0.004 0.004 40.00** 
I-II 1 0.0003 0.0003 3.00 
I-III 1 0.016 0.016 160.00** 
I-IV 1 0.006 0.006 60.00** 
I-V 1 0.12 0.12 120.00** 
II-III 1 0.076 0.076 760.00** 
II-IV 1 0.002 0.002 20.00** 
II-V 1 0.001 0.001 10.00** 
III-IV 1 0.110 0.110 1100.00** 
III-V 1 0.003 0.003 30.00** 
IV-V 1 0.003 0.003 30.00** 
I-II-III 1 0.007 0.007 70.00** 
I-II-IV 1 0.035 0.035 350.00** 
I-II-V 1 0,027 0.027 270.00** 
I-III-IV 1 0.000001 0.000001 0.01 
I-III-V 1 0.003 0.003 30.00** 
I-IV-V 1 0.079 0.079 790.00** 
II-III-IV 1 0.000001 0.000001 0.01 
II-III-V 1 0.001 0.001 10.00** 
II-IV-V 1 0.001 0.001 10.00** 
III-IV-V 1 0.088 0.088 880.00** 
I-II-III-IV 1 0.039 0.039 390.00** 
I II-III-V 1 0.006 0.006 60.00** 
I-II-IV-V 1 0.00001 0.00001 0.10 
I-III-IV-V 1 0.00001 0.00001 0.10 
II-III-IV-V 1 0.005 0.005 50.00** 
I-II-III-IV-V 1 0.002 0.002 20.00** 
Error 155 0.0141 0,0001 — — — — 
Total 186 0.5728 
S.E.=0.006 
^^Significant at the 1% level 
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Table 18. Analysis of variance for milligrams of nitrogen at full 
Hoagland's solution 
Due to DF Sum of squares Mean square F 
I 1 153.13 153.13 7.85* 
II 1 410.64 410.64 21.05* 
III 1 381.52 381.52 19.56* 
IV 1 42.31 42.31 2.17 
V 1 119.59 119.59 6.13 
I-II 1 20.44 20.44 1.05 
I-III 1 227.44 227.44 11.66** 
I-IV 1 60.87 60.87 3,12 
I-V 1 1322.42 1322.42 67.80** 
II-III 1 0.32 0.32 0.02 
II-IV 1 1762.19 1762.19 90.35** 
II-V 1 12.77 12.77 0.66 
III-IV 1 1176.17 1176.17 60.31** 
III-V 1 298.28 298,28 15.29** 
IV-V 1 1222.25 1222.25 62.67** 
I-II-III 1 501.85 501.85 25.73** 
I-II-IV 1 1196.95 1196.95 61.37** 
I-II-V 1 20.34 20,34 1.04 
I-III-IV 1 166.45 166.45 8.53** 
I-III-V 1 2354.03 2354.03 120.70** 
I-IV-V 1 4087.51 4087.51 209.57** 
II-III-IV 1 224.49 224.49 11,51** 
II-III-V 1 64.67 64,67 3.32 
II-IV-V 1 178.78 178.78 9.17** 
III-IV-V 1 238.28 238.28 12.22** 
I-II-III-IV 1 144.09 144.09 7.39** 
I-II-III-V 1 562.69 562.69 28.85** 
I-II-IV-V 1 1350.17 1350.17 69.23** 
I-III-IV-V 1 73.40 73.40 3.76 
II-III-IV-V 1 1595.58 1595.58 81.81** 
I-II-III-IV-V 1 464.42 464.42 23.81** 
Error 155 3023.10 19.504 — — — — 
Total 186 23457.14 
S.E.=2.55 
**Significant at the 1% level 
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Table 19. Analysis of variance for milligrams of nitrogen at half 
Hoagland's solution 
Due to DF Sum of squares Mean square F 
I 1 104.65 104.65 8.14** 
II 1 0.39 0.39 0.03 
III 1 0.24 0.24 0.02 
IV 1 38.80 38.80 3.02 
V 1 231.81 231.81 18.03** 
I-II 1 16.11 16.11 1.25 
I-III 1 1676.13 1676,13 130.34** 
I-IV 1 60.78 60.78 4.73 
I-V 1 705.14 705.14 54.83** 
II-III 1 1395.74 1395.74 108.54** 
II-IV 1 14.21 14.21 1.11 
II-V 1 242.84 242.84 18.88** 
III-IV 1 1312.47 1312.47 102,06** 
III-V 1 286.29 286.29 22.26** 
IV-V 1 19.17 19.17 1.49 
I-II-III 1 406.56 406.56 31.62** 
I-II-IV 1 182.46 182.46 14.19** 
I-II-V 1 13.88 13.88 1.08 
I-III-IV 1 0.06 0.06 0.005 
I-III-V 1 185.32 185.32 14,41** 
I-IV-V 1 2823.71 2823.71 219.58** 
II-III-IV 1 59.46 59.46 4.62 
II-III-V 1 2.43 2.43 0,19 
II-IV-V 1 3.53 3.53 0.28 
III-IV-V 1 3.42 3.42 0.27 
I-II-III-IV 1 315.98 315.98 24.57** 
I-II-III-V 1 11.31 11.31 0.88 
I-II-IV-V 1 1045.28 1045.28 81.28** 
I-III-IV-V 1 1.18 1.18 0.09 
II-III-IV-V 1 766.60 766.60 59.61** 
I-II-III-IV-V 1 238.32 238.32 18.53** 
Error 155 1993.26 12.86 mm mm tm tm 
Total 186 14157.53 
S.E.=2.21 
**Significant at the 1% level 
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Table 20. Analysis of variance for milligrams of nitrogen at no Hoagland's 
solution 
Due to DF Sum of squares Mean square F 
I 1 7.00 7.00 0.93 
II 1 564.61 564.61 74.98** 
III 1 15.92 15.92 2.12 
IV 1 34.37 34.37 4.56 
V 1 268.35 268.35 35.64** 
I-II 1 121.91 121.91 16.19** 
I-III 1 177.47 177.47 23.57** 
I-IV 1 451.07 451.07 59.90** 
I-V 1 81.42 81.42 10.81** 
II-III 1 499.39 499.39 66.32** 
II-IV 1 124.40 124.40 16.52** 
II-V 1 113.24 113.24 15.04** 
III-IV 1 517.68 517.68 68.75** 
III-V 1 19.76 19.76 2.63 
IV-V 1 25.37 25.37 3.37 
I-II-III 1 118.93 118.93 15.79** 
I-II-IV 1 277.22 277.22 36.82** 
I-II-V 1 140.54 140.54 18.67** 
I-III-IV 1 595.47 595.47 79.08** 
I-III-V 1 303.64 303.64 40.32** 
I-IV-V 1 88.77 88.77 11.79** 
II-III-IV 1 0.18 0.18 0.02 
II-III-V 1 455.25 455.25 60.46** 
II-IV-V 1 164.15 164.15 21,80** 
III-IV-V 1 65.55 65.55 8.71** 
I-II-III-IV 1 1785.51 1785,51 237.12** 
I-II-III-V 1 0.10 0.10 0.01 
I-II-IV-V 1 1.71 1.71 0.23 
I-III-IV-V 1 150.32 150.32 19.96** 
II-III-IV-V 1 33.61 33.61 4.46 
I-II-III-IV-V 1 482.31 482.31 64.05** 
Error 155 1167.16 7.53 MI » 
Total 186 8862.38 
S.E.=1.58 
**Significant at the 1% level 
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Table 2 1 .  Analysis of variance for milligrams of phosphorous at full 
Hoagland's solution 
Due to DF Sum of squares Mean square F 
I 1 0.46 0.46 13.39** 
II 1 0.04 0.04 1.05 
III 1 0.04 0.04 1.05 
IV 1 0.36 0.36 10.48** 
V 1 0.26 0.26 7.66** 
I-II 1 0.01 0.01 0.29 
I-III 1 0.14 0.14 4.07 
I-IV 1 0.03 0.03 0.93 
I-V 1 1.18 1.18 34.49** 
II-III 1 0.003 0.003 0.09 
II-IV 1 0.14 0.14 4.07 
II-V 1 0.01 0.01 0.29 
III-IV 1 0.17 0.17 5.07 
III-V 1 0.03 0.03 0.93 
IV-V 1 0.35 0.35 10.13** 
I-II-III 1 0.52 0.52 15.17** 
I-II-IV 1 0.12 0.12 3.38 
I-II-V 1 0.07 0.07 2.09 
I-III-IV 1 0.01 0.01 0.29 
I-III-V 1 0.08 0.08 2.42 
I-IV-V 1 0.50 0.50 14.68** 
II-III-IV 1 0.01 0.01 0.29 
II-III-V 1 0.74 0,74 21.72** 
II-IV-V 1 0.52 0.52 15.17** 
III-IV-V 1 0.12 0.12 3.38 
I-II-III-IV 1 0.38 0.38 11.15** 
I-II-III-V 1 0.41 0.41 12.11** 
I-II-IV-V 1 0.24 0.24 7.07** 
I-III-IV-V 1 0.01 0.01 0.29 
II-III-IV-V 1 0.03 0.03 0.93 
I-II-III-IV-V 1 0.003 0.003 0.079 
Error 155 5.28 0.034 —" — — — 
Total 186 12.266 
S.E.=0.11 
^^Significant at the 1% level 
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Table 22. Analysis of variance for milligrams of phosphorous at half 
Hoagland's solution 
Due to DF Sum of squares Mean square F 
I 1 0.24 0.24 2.59 
II 1 0.07 0.07 0.73 
III 1 0.86 0.86 9.27** 
IV 1 0.16 0.16 1.69 
V 1 1.02 1.02 10.95** 
I-II 1 0.32 0.32 3.41 
I-III 1 0.53 0.53 5.67 
I-IV 1 0.20 0.20 2.11 
I-V 1 1.69 1.69 18.16** 
II-III 1 1.84 1.84 19.85** 
II-IV 1 0.01 0.01 0.11 
II-V 1 0.74 0.74 7.96** 
I I I - I V  1 0.91 0.91 9.82** 
III-V 1 0.01 0.01 0.14 
IV-V 1 0.13 0.13 1.35 
I-II-III 1 0.93 0.93 10.03** 
I-II-IV 1 1.70 1.70 18.28** 
I-II-V 1 0.11 0.11 1.15 
I-III-IV 1 0.093 0.093 1.00 
I-III-V 1 0.13 0.13 1.40 
I-IV-V 1 5.45 5.45 58.72** 
II-III-IV 1 1.68 1.68 18.08** 
II-III-V 1 0.02 0.02 0.22 
II-IV-V 1 0.09 0.09 0.96 
III-IV-V 1 0.02 0.02 0.22 
I-II-III-IV 1 1.77 1.77 19.02** 
i-ii-in-v 1 0.001 0.001 0.01 
I-II-IV-V 1 5.35 5.35 57.64** 
I-III-IV-V 1 0.76 0.76 8.18** 
II-III-IV-V 1 1.68 1.68 18.08** 
I-II-III-IV-V 1 3.04 3.04 32.73** 
Error 155 14.39 0.093 
Total 186 46.54 
S.E.=0.18 
**Significant at the 1% level 
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Table 23. Analysis of variance for milligrams of phosphorous at no 
Hoagland's solution 
Due to DF Sum of squares Mean square F 
I 1 0.43 0.43 9.03** 
II 1 1.00 1.00 21.09** 
III 1 0.023 0.023 0.48 
IV 1 0.0001 0.0001 0.001 
V 1 0.01 0.01 0.13 
I-II 1 0.0003 0.0003 0.01 
I-III 1 0.39 0.39 8.25** 
I-IV 1 0.16 0.16 3.29 
I-V 1 0.48 0.48 10.00** 
II-III 1 0.002 0.002 0.03 
II-IV 1 0.91 0.91 19.07** 
II-V 1 0.79 0.79 16.51** 
III-IV 1 0.45 0.45 9.39** 
III-V 1 0.07 0.07 1.50 
IV-V 1 1.36 1.36 28.66** 
I-II-III 1 0.10 0.10 2.14 
I-II-IV 1 0.04 0.04 0.82 
I-II-V 1 0.41 0.41 8.52** 
i-ni-iv 1 0.88 0.88 18.50** 
I-III-V 1 0.23 0.23 4.77 
I-IV-V 1 0.13 0.13 2.65 
II-III-IV 1 0.32 0.32 6.80 
II-III-V 1 1.46 1.46 30.60** 
II-IV-V 1 0.05 0.05 1.12 
III-IV-V 1 1.53 1.53 32.46** 
I-II-III-IV 1 1.82 1.82 38.28** 
I-II-III-V 1 0.02 0.02 0.36 
I-II-IV-V 1 0.18 0.18 3.86 
I-III-IV-V 1 0.43 0.43 9.03** 
II-III-IV-V 1 0.06 0.06 1.21 
I-II-III-IV-V 1 0.68 0.68 14.18** 
Error 155 7.38 0.048 — — — — 
Total 186 21.80 
S.E.=0.13 
**Significant at the 1% level 
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Effects of fungi at different nutrient levels 
In general, the dry weight increases directly to the increased 
nutrient of the soil, but the reverse is true for the percentage of phos­
phorous, Although the analyses show significant values, it should be 
noted that not all of these indicate beneficial effects to the plant. 
Some of these values show a negative or reducing effect. A possible 
way to demonstrate this is in tabular form (Table 24), 
Table 24. Positive, negative, or neutral highly significant effects for all possible combinations 
of treatments 
Nutrient level 
Fungus ——— 
and Full Hoagland's % Hoagland's No Hoagland's 
combinations Dry Dry Dry 
wt. % N mg N % P rag P wt. % N mg N % P mg P wt. % N mg N % P mg P 
I 0 0 0 0 + 0 - - 0 0 0 - + + + 
II + + - - 0 0 - 0 - 0 - - + 0 -
III + 0 0 + 0 0 + 0 0 - - + + + 0 
IV 0 + 0 - - 0 + 0 0 0 - + 0 + 0 
V 0 0 - + + 0 + - + - 0 - 0 + 0 
I-II 0 0 - 0 0 + - 0 - 0 - - 0 0 0 
I-III 0 + - 0 0 - - - + 0 - 0 + + + 
I-IV 0 + - - 0 0 - 0 0 0 - + 0 + 0 
I-V - + - + + - - - 0 - - - + + + 
II-III 0 + - - 0 - + + - - - - 0 + 0 
II-IV 0 - - 0 0 0 0 0 + 0 0 - + + -
II-V 0 + - 0 0 - - - + - - 0 0 + -
III-IV + + - - 0 - + - + - - + + + • -
III-V 0 - 0 0 0 0 + - + 0 - - + + 0 
IV-V - + 0 - - - 0 0 + 0 0 - - + + 
I-II-III 0 + - 0 + - - - - + - - + + 0 
I-II-IV 0 + - - 0 + - - - + - + - + 0 
I-II-V 0 + - + 0 0 0 0 0 0 - - 0 + + 
I-III-IV - + + - 0 0 0 0 0 0 - + + 0 + 
I-III-V + + - - 0 0 - - 0 0 - - + + 0 
+ = positive effect 
0 = neutral effect 
- = negative effect 
Table 24 (Continued) 
Nutrient level 
Fungus 
and Full Hoagland'; s % Hoagland •s No Hoagland's 
combinations Dry Dry Dry 
wt. 7o N mg N % P mg P wt. % N mg N % P mg P wt. % N mg N % p mg I 
I-IV-V + + _ + . . + _ + . . + 0 
II-III-IV + + 0 0 - + 0 + - 0 0 + 0 0 
II-III-V + - — — - 0 + 0 + 0 - - 0 + + 
II-IV-V 0 + — — - - - 0 - 0 - - + - 0 
III-IV-V 0 + — — 0 0 + 0 + 0 - - + - -
I-II-III-IV + + — — + + 0 + - + - + + + -
I-II-III-V + + 0 + 0 - 0 - 0 - + + + 0 
I-II-IV-V + + 0 + + - + - + 0 - + 0 0 
I-III-IV-V + + + 0 0 0 0 - + + 0 0 0 + 
II-III-IV-V - + 0 0 - 0 - - - - - - + 0 
I-II-III-IV-V + - + 0 + - + - + + + + - + 
No individual fungus had significance on dry weight, but FB 
I-II-IV-V, I-III-IV-V, and I-II-III-IV-V interactions under all the 
different nutritional levels producedpositive effects. In contrast, 
FB IV, V and combinations I-III, I-IV, I-V, II-V, III-V, IV-V, I-II-V, 
I-III-IV, II-IV-V, III-IV-V and II-III-IV-V produced dry weight reduc­
tions under the different treatments. Fungi I, II and III required 
full Hoagland's to increase dry weight and in addition, FB III can be 
effective as well with no added nutrients. Other combinations which 
were neither positive nor negative must be supplied with nutrients to 
have increase. 
FB IV, I-IV, III-IV, I-II-IV, I-III-IV, I-II-III-IV and I-II-III-V 
increased the percentage nitrogen, whereas FB I, I-II, II-IV and I-II-
IV-V reduced the nitrogen percentage at all nutrient concentrations. 
FB III was effective at diluted and no-added nutrient levels, while all 
five fungi in combination were beneficial at the latter level. The 
other fungi and combinations had to be supplied with full or half 
Hoagland's solution in order that they might have a positive effect on 
nitrogen content. 
FB I, V, I-III, I-V, II-V, III-V, IV-V and I-II-V benefited the 
plants in phosphorous uptake at all nutrient levels, but FB II, I-II, 
I-III-IV, I-IV-V, II-III-V, I-II-III-V, I-III-IV-V and I-II-III-IV-V 
had a reducing effect with the same treatments. Under half Hoagland's 
solution I-IV, III-IV, I-III-V and III-IV-V gave a positive effect. 
The plants that were given water alone, in the presence of FB III, IV, 
I-IV, II-III, II-IV, II-V, I-II-III, I-II-IV, I-III-V, I-II-III-IV, 
I-II-III-V, and I-III-IV-V, increased their percentage phosphorous. 
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As far as dry weight, percentage nitrogen, and phosphorous are 
concerned, FB III is the only one which appears to benefit the plant 
when grown without added nutrients. 
FB I-III-IV, I-III-IV-V and all five combined have shown to in­
crease nitrogen by weight, and FB IV, V, I-II, I-IV, II-V, I-II-IV, 
I-II-V, I-III-V and I-III-IV-V decreased total nitrogen for all 
nutrient levels. No fungus or combination was beneficial to the 
plants when total nitrogen is considered for no additional nutrients. 
FB I, I-III, I-V, I-IV-V, I-II-IV-V, I-III-IV-V and I-II-III-IV-V 
increased milligrams of phosphorous under all conditions, but FB II, 
III, IV, I-II, I-V, II-III, II-IV, III-IV, III-V, I-III-IV, I-III-V, 
and II-III-V have detrimental effects under the same conditions. FB 
IV-V, I-II-V, I-III-IV and II-III-V have positive effects on plants 
when water alone was used. Others required nutrients to help increase 
total phosphorous. 
Isolation of fungi 
Isolations, 480 in number, from roots for an individual fungus and 
combinations of fungi were inconsistent (Table 25, 26; Figures 12, 13, 
14). There were contaminants such as Pénicillium and Rhizopus as well 
as no growth. This is without reference to the different concentrations 
of nutrients. 
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Table 25. Isolations from roots of greenhouse test plants 
Isolation 
Number of In combination 
Fungus test fungi present Single with other test fungi 
1 9 -
2 37 23 
3 15 28 
4 8 21 
5 0 3 
1 15 
2 34 20 
3 16 27 
4 8 18 
5 1 4 
1 2 « 
2 2 6 
3 1 14 
4 0 7 
5 0 1 
1 4 -
2 6 10 
3 3 22 
4 4 14 
5 2 6 
1 4 • 
2 5 11 
3 8 23 
4 3 13 
5 2 4 
Note: 480 isolations were made from one replication; 5 from each 
treatment at each nutrient level 
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Table 26. Number of Isolations which produced all fungi in the original 
combinations with which the rhizosphere was infested 
I-II 41 
I-III 13 
I-IV 19 
I-V 17 
II-III 11 
II-IV 15 
II-V 14 
III-IV 6 
III-V 6 
IV-V 23 
I-II-III 3 
I-II-IV 3 
I-II-V 4 
I-III-IV 3 
I-III-V 1 
I-IV-V 2 
II-III-IV 1 
II-III-V 1 
II-IV-V 1 
III-IV-V 1 
All 4-fungi 
combinations 0 
I-II-III-IV-V 0 
Figure 12. Growth, on potato dextrose-yeast extract medium, of 
re-isolation of combination FB II-III from the root­
lets of 16-week-old infested rhizosphere (FB II, 
Cylindrocarpon radicicola, was predominant) 
Figure 13. Growth, on potato dextrose-yeast extract medium, of 
re-isolation of combination FB I-II-III-IV from root­
lets of 16-week-old infested rhizosphere (FB I, 
Fusarium sp., and II, Cylindrocarpon radicicola, pre­
dominated 
Figure 14, Growth, on potato dextrose-yeast extract medium, of 
re-isolation of combination FB I-V, (V being the dark 
brown), from the rootlets of 16-week-old infested 
rhizosphere 
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Anatomical observations 
Plants that were small or appeared stunted possibly due to inherent 
qualities or fungal and nutritional effects, generally had a poor main 
root but a prolific branch root system. Large plants had one or two 
long main roots with less branching of roots. There was no definite 
correlation between much-branched roots and uptake of phosphorous. 
Infected roots were dark club-chaped, twisted and in some cases 
beaded. The small tertiary and quaternary rootlets, if not carefully 
handled, severed from the main root and branches. These roots could 
easily be identified from the non-infected white or cream roots. Not 
all roots were infected. All roots appeared to be sturdy and healthy, 
unlike the existence of a pathogenic relationship. 
Hyphae radiated and spread over the infected roots. Sections 
showed cells intact unless damaged due to poor micro-technique. Hyphae 
penetrated the epidermal layer and entered the cortical region adjacent 
to cell walls, passing from cell to cell (Figure 15). Inside the cells, 
hyphae were digested, and seen as fragmented portions of hyphae, vesicles 
or arbuscles (Figure 16). Apparently, the individual fungus showed hy-
phal structures clearly but combinations of fungi showed fungal material 
in the digested form. Not all cells of a rootlet are infected and pene­
tration appeared only to be as far as the second layer of cortical cells 
but never in the stelar region. Cells are either in their original shape 
or distorted, especially in heavily infected areas, but never disrupted. 
Figure 15. A typical enlarged longitudinal section of walnut root­
let from infested rhizosphere, indicating hyphae 
passing from cell to cell and coiled intracellular 
hyphae (Magnification 625 X) 
Figure 16. Enlarged cross-section of rootlet showing hyphae 
along cell wall, possibly intercellularly, projecting 
into the cell to form arbuscles, small vesicles and 
fragmented or digested hyphae (Magnification 980 X) 
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DISCUSSION AND CONCLUSIONS 
The similar results obtained from field observations, isolations 
and microscopic studies of the black walnut roots in the earlier studies 
(Khan, 1966) and the present work showed that a constant set of endo-
phytes exist within these roots in this locality. 
Growth chamber trials served their purposes since contamination, 
if any, could be eliminated and the elements in nature could be con­
trolled favourably. But, it could be argued that a greenhouse will 
imitate forest conditions better than a growth chamber. For this rea­
son only microtechnique studies were done with growth chamber plants. 
The cooling system and artificial lighting in the greenhouse 
were good if natural conditions are to be simulated. Many researchers 
thought that much sunlight is required for mycorrhizal formation. Yet, 
literature abounds with references to the close association of fungi 
with all kinds of roots in the forest whether they be from plants under 
direct sunlight or beneath the forest canopy. 
The inability of the fungi to produce any fruiting structures in 
the liquid medium does not indicate that this medium could not be further 
modified to induce fruiting. This very same medium sufficed for the three 
known fungi producing good growth and fruiting. 
The collection of nuts from several trees could not have been 
avoided since one tree did not produce the quantity of nuts needed. 
But, one should also expect some variation within fruits produced on a 
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single tree. The experiment was concerned with fungal-root relation­
ships, and thus the use of genotypes from a single locality should not 
alter ideas or results of mycotrophy. Also, using nuts by weight and 
not by size reduced any probable differences. 
From previous work, it was shown to be inadvisable to use moist 
peat, moist sand or wet nuts for storage as molds developed, nuts ger­
minated and rotted even at very low temperatures. Heat sterilized 
quartz sand, when cooled, was excellent for storage. Nuts washed in 
Chlorox solution before and after stratification offer an easy way 
to avoid contaminants, A short cold period can break dormancy or even 
a shorter period can be used if nuts are mechanically scarified at the 
radicle end. 
It was interesting to find that the plates with agar left in the 
greenhouse did not become contaminated before drying with even the most 
common airborne organisms. 
Gross observations, leaf size and colour of treated plants, as a 
measure of the effects of the fungi at the different nutrient levels 
were not clear. Apparently, it would be more appropriate to have such 
observations made in the second season's growth when new leaves appear. 
Whether 16 weeks, or approximately one growing season, was time 
enough to evaluate dry weight is not known. Possibly some plants utilized 
the seed content nutrient alone for the first season's growth while 
others required more nutrients. This may explain why in some cases dry 
weight has a direct correlation with nitrogen uptake and in others no 
relation existed. 
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The effects of an individual fungus and interactions of combina­
tions of fungi with reference to dry weight and uptake of nitrogen 
and phosphorous can be recorded, but analyzing such data statistically 
can only explain the findings to a point. Biological interpretations 
from statistical analyses are rather difficult at times, especially 
while interactions are generally highly significant. 
However, not all the combinations interacted favourably, nor were 
all the results significant. Possible explanations might be that each 
fungus suppressed or masked one another, or competition among fungi 
for nutrients was too great, thus having an adverse effect on the plant 
or the rhizosphere. 
From a statistical point of view, a smaller experiment would have 
been easier for interpretation by the possible elimination of the third 
and fourth order interactions. This could not have been done since five 
fungi were involved and should be considered individually as well as in 
combinations. It ensures a practical biological situation which exists 
in nature. 
The idea of carrying out the experiment at three levels of nutri­
tion might not have been sufficient to evaluate the role they play in 
plant nutrition when fungi are present in the rhizosphere. But it can 
be contended that a good concentration of nitrogen, phosphorous and 
other elements were supplied and the different levels indicated what 
could be expected if higher concentrations were to be used. It should 
be remembered that only a certain amount of nutrients can be taken up 
by the plant in a given period of time. 
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The main effects as benches, rows and columns were found to be 
insignificant while the three levels of nutrients as solutions were 
highly significant. The interactions of the main effects with solu­
tions were also insignificant. Thus, looking at the experiment as a 
whole, the greenhouse effects were eliminated and any differences had 
to be due to the interactions of fungi at the threeTnutrient levels. 
Although the Fusarium sp., Cylindrocarpon radicicola. the 
Rhizoctonia sp. and the two unknown fungi were found to be non-pathogenic 
to black walnut, certain combinations of these produced reducing effects 
on dry-weight and percentage of nitrogen and phosphorous. 
There seems to be no unified way to explain the relative importance 
of the fungi and their interactions with respect to dry weight, nitrogen 
and phosphorous together, except in cases where a fungus or some com­
binations have negative effects regardless of nutrition. For example, 
FB II, I-II, I-IV-V, II-III-IV, II-IV-V, III-IV-V, and II-III-IV-V 
have reducing effects on dry weight and percentage of nitrogen and 
phosphorous, whereas the others vary in their reactions. 
The histograms made from the "raw" means showed clearly how each 
fungus and combinations behaved with respect to dry weight and nitrogen 
and phosphorous percentage. It is apparent that in the presence of 
fungi the dry weight varies directly with nutrient levels while phos­
phorous has an inverse relationship. 
The importance of fungal associates of plants is seen only when 
the nutrients of the soil are low. This is generally true for phosphorous 
uptake by plants when fungi are present. The findings of this experiment 
confirmed the work of others on ectotrophic relationships in this respect. 
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The variable nitrogen content in the presence or absence of fungi 
under different nutritional stress cannot serve as an indication of the 
importance of endotrophic fungi to nitrogen uptake. 
The use of the "Spectronic 20" for phosphorous analysis was appro­
priate since another spectrophotometer was not available. Other 
standard phosphate solutions tried at different wavelengths did not 
obey Beer's Law as well as the KHgPO^ at 395 mu. One possible explan­
ation is that the chemicals might have been impure. 
Many reasons could explain the inconsistency of isolations from 
the roots. The drastic Chloro3i@treatment supplemented by Chloramine-T 
after several washings with water could have killed the fungi. Possibly 
the fungi did not penetrate the cortex of that particular piece of root, 
but instead remained on the surface of the roots only to be destroyed 
by the treatment. The contaminants, Pénicillium sp. and Rhizopus sp., 
might have grown too quickly overcoming any possible growth by the test 
fungi. Each fungus could have a masking effect on the other. 
From the poor count on isolations for FB III it is not clear if 
the fungus remained on the root surface to be affected by the treatment 
or penetrated deep into the cortex and did not grow when placed on the 
agar. The roots which did not produce any fungus when plated could 
have been affected by the Chloro:j^or not infected by the fungi at all. 
As far as endotrophic fungi are concerned, it is rather difficult in 
most instances to make conclusions on root appearances. 
It was impossible to microscopically examine each root and root­
let to investigate whether or not the fungi were detrimental to the 
plants. From sections taken at random from each treatment, it was 
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shown that root cells were intact and not disrupted. Such being the 
case, it could be concluded that these fungi parasitized the cortical 
region of the roots where hyphal structures either remained intact or 
were found in digested forms. 
The hyphae found intact within the cell probably indicated a true 
symbiosis whereas the digested structures in the form of arbuscles, 
vesicles or granules might have indicated a reaction from the host 
cells whereby the invading hyphae were disrupted. 
The results left much to be argued on whether or not experiments 
which involve a single fungus are authentic. There is no doubt that 
a fungus behaves differently when it is alone than when it is in com­
bination with one, two, three or four other species or even strains 
vTiTzhin aT species. 
As an example, the Rhizoctonia sp. increased dry weight on its 
own even under poor conditions, but when incorporated with others the 
interactions seemed to have reducing effects. Many research workers 
fail to realize that having microorganisms within a rhizosphere create 
a complex phenomenon. Instead, experiments have been carried out with 
one organism and conclusions drawn on the beneficial and in most cases 
pathogenic results. It could be said that an organism could be highly 
pathogenic or beneficial per se, but such capability is entirely 
changed when in association with others. 
There remains more work on the uptake of other elements by plants 
in the presence of fungi and still more has to be done with endophytes. 
The fact that the experiment was conducted in autoclaved soil-sand-peat 
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mixture and in a supposedly clean greenhouse does not eliminate the 
possibility of other kinds of organisms playing a role in the associ­
ations. 
Most inferences have been drawn from previous work on ectotrophic 
mycorrhizae. The experiment, however, confirms the role of fungal 
associates in phosphorous uptake under poor soil nutrition. It also 
demonstrates the use of fungi in combinations and that not one com­
bination but many form a potential beneficial association. 
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SUMMARY 
A Fusarium sp., Cylindrocarpon radicicola Wollenweber, a Rhizoctonia 
sp., and two unidentified fungi were found to be closely associated with 
the black walnut roots in a given locality over four years. Histo­
logical studies have shovm these fungi to invade the cortical region 
of the roots. Their hyphae pass from cell to cell or lie within the 
cell in diverse forms without damaging the cell. These same obser­
vations were true for the growth chamber- and greenhouse-grown plants. 
Attempts to use a liquid medium at different pH's in order to 
identify the two unknown fungi were unfruitful. Yet, the other three 
fungi grew and reproduced well in this medium. 
Treating walnuts with Chlorox®before stratification in sterilized 
quartz sand at 3° C eliminated contaminants, increased germination and 
aided their handling. It was found that the dormant period could be 
reduced by opening the radicle end of the nuts. 
Walnut seedlings were grown in autoclaved sand-soil-peat mixture 
infested with fungi FB I Fusarium sp., FB II Cylindrocarpon radicicola, 
FB III Rhizoctonia sp., and two unknoims FB IV and FB V. The last two 
were recognized by orange and brown mycelia respectively. 
In a split-plot, Latin square design with a 2^ factorial at three 
nutrient levels, it was found that the main effects as benches, rows 
and columns were not significant. Nutrients were highly significant 
(17o level) except for percentage nitrogen. 
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Plants grown in infested rhizosphere with added nutrients differed 
from the uninfested in size and colouration of the leaves. These ob­
servations were considered general. 
The actual means of each treatment at the different nutrient 
levels indicated that in general, as more nutrients were supplied in 
the presence of the fungi, the dry weight increased while the phos­
phorous content decreased. Low nutrient levels with fungi seemed to 
favour phosphorous content, an indication that the fungi assisted in 
its uptake. An individual fungus behaved differently than when in 
combinations. Some are beneficial to growth, while others are de­
pressing. In nitrogen uptake there appeared some inconsistency. 
The analyses of variance for the different treatment combinations 
at the three levels of nutrients showed that the results for some com­
binations were not biologically significant. Significance could be 
interpreted as either beneficial or depressing. 
Combinations FB I-II-IV-V, I-III-IV-V and I-II-III-IV-V increased 
dry weight, while FB IV, I-IV, III-IV, I-II-IV, I-III-IV, I-II-III-IV 
and FB III and I-II-III-IV-V increased dry weight and nitrogen respec­
tively under no-added nutrients. FB I, V, I-III, I-V, II-V, III-V, 
IV-V and I-II-V helped phosphorous uptake by plants at all levels of 
nutrients, but FB III, IV, I-IV, II-III, II-IV, II-V, I-II-IV, I-III-V, 
I-II-III-IV, I-II-III-V, and I-III-IV-V required no added nutrients to 
help in phosphorous uptake. 
Rhizoctonia sp. (FB III) was the only one which increased the dry 
weight of plants, percentage nitrogen and phosphorous under no-added 
nutrients. 
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The Chloroj^ treatment of the root pieces before plating elim­
inated contaminants to a certain degree and offered a convenient 
method for surface sterilization. But it is not known whether the 
treatment was too drastic on some roots or if these roots were not 
infected since they failed to produce any growth of fungi. There was 
a greater number of isolations of FB I and II individually and in com­
binations than the other three fungi. Also, there were more two-fungi 
than three-fungi combinations isolated. No four- or five-fungi com­
binations were isolated. 
Any research on a single fungus is not truly authentic. Con­
clusions cannot be drawn from the behaviour of an individual organism 
in the rhizosphere. In nature, several fungi or other microorganisms 
exist within a particular area;and any experiment, although complex in 
planning, should not eliminate the possibilities of many organisms in 
combination affecting the life of a plant. 
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